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1   Executive Summary
This  report  presents  the  work  of  BenToWeb  in  the  framework  of
workpackage 6. We present hereby the result of our feasibility study into
automatic  control  of  linguistic  phenomena  that  influence  language
comprehension.  The  goal  of  our  research  is  to  implement  a  natural
language  processing  (NLP)  system  that  automatically  assesses  the
linguistic accessibility of Web documents for Web users with special needs.

A large portion of the society can benefit from accessible language. This
group  includes  persons  with  language  impairment  as  well  as  “normal”
individuals whose reading skills are poor, or whose mothertongue is not
the language of the document.

We present the results from psycholinguistic research that underlie our
work and we give an outline of previous work on readability and controlled
or simplified languages. On this basis, we present a list of criteria that
should be evaluated, to make a text accessible to a wide range of readers.
We contrast this "wish-list" with a list of criteria that we envisage to be
controllable with state-of-the-art NLP technology.
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2   Introduction
This report is the first deliverable of work package 6 within the BenToWeb
project. It presents a feasibility study of linguistic phenomena that can be
automatically controlled by state-of-the-art NLP techniques.

For a large portion of our society, reading is a challenging task. This group
of people comprises individuals with acquired or developmental language
disabilities (like mental  retardation, brain stroke, Down's syndrome) as
well as “normal” people whose reading skills are simply poor. For many of
these people, reading can be a frustrating experience. Complicated words
and  long  sentences  can  discourage  many  from  reading  important,
sometimes  vital,  information.  Just  think  of  the  leaflets  in  prescription
drugs or the operating instructions for child safety seats.

Complex  language  can  be  a  barrier  to  written  information.  Much
information that is  presented on the Internet  is  written language.  And
much of the text on the Internet is written in a too complicated language
for many to understand (or even to bother reading). It is not enough for a
Web site to be accessible from a technological point of view. The textual
content of a page must be presented in a way that ideally all people can
understand  it.  An  accessible  Web  site  is  a  site  that  is,  among  other
criteria, written in an accessible language.

In  this  report  we  attempt  to  isolate  the  phenomena  and  criteria  that
influence language accessibility. We put special emphasis on criteria that
can be controlled automatically, since it is our aim to implement a tool
that assesses the accessibility of textual information on web pages.

To  this  end we first  identify  those  people  who  benefit  from accessible
language  (section  3.1).  In  section  3.2 we  continue  with  an  outline  of
(psycho)linguistic  phenomena  that  have  a  proven  effect  on  language
understanding.

In section 4, we give an overview of several lines of work that have been
done  on  comprehension  and  readability  before.  We  will  present  the
"classic" readability research as well as work on controlled or simplified
languages that are in use in many international companies for the purpose
of technical documentation.

Based  on  the  foregoing  discussion,  we  contrast  two  lists  of  linguistic
criteria with each other. Section 5.1 contains a list of criteria that ideally
should be controlled in order to render a text accessible. Section 5.2, on
the other hand, presents a list of criteria that we, at the time of writing,
deem controllable with state-of-the-art NLP techniques.
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3   Psycholinguistic Considerations 
This  section  gives  a  rough  sketch  of  the  theoretical  underpinning  for
linguistic accessibility. Section 3.1 defines the target group for the entire
endeavour.  It  will  give  an overview of  the  types of  those  mental  and
physical impairments that affect language understanding.

In  section  3.2,  we  highlight  the  same  phenomenon  from  a  different
perspective.  The  focus  here  is  on  syntactic,  semantic  and  discourse
phenomena that make comprehension difficult or even impossible.

3.1   Who Benefits from Accessible Language?

There are a number of types of cognitive impairments that affect language
understanding.

• Mental retardation
A person with an IQ below 70 is considered mentally retarded if
(s)he has difficulty functioning independently. Mental retardation
may be acquired, e.g., at birth (birth trauma, lack of oxygen
during birth) or during prenatal development due to exposure to
harmful substances (e.g., alcohol) or infections. Inappropriate
nutrition of mother and child during crucial phases of mental and
physical development are also believed to potentially cause
mental retardation. A person's inherited genetic disposition may
also lead to an impairment of cognitive skills. Among the most
frequent of these conditions are Down's syndrome or Fragile X
syndrome.

• Language and learning disabilities
Language and learning disabilities comprise a wide range of
cognitive disorders, which are assumed to relate to dysfunctions
of the central nervous system. Difficulty in producing or
comprehending language is often just one facet of the whole
picture an affected person displays. The term is mainly used in
special education and thus partly overlaps with what is meant
with the term mental retardation. But it also encompasses
Attention Deficit Syndrome (ADS) and other forms of learning
disabilities like developmental dyslexia, where intelligence and
motivation are normal.

• Physical injury to the brain caused by trauma or stroke
This is another form of acquired language impairment.
Depending on the cerebral areas affected by the injury or the
stroke, a patient may exhibit a diversity of symptoms like motor
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dysfunctions and several types of language disorders that are
collectively known as aphasia (the inability to speak).

Researchers differentiate the types of aphasia according to the
effect the brain lesion has on language production. But not all
aphasic syndromes imply that a person's ability to understand
language is affected as well. The most common aphasic
syndromes that do affect language comprehension are
Wernicke's aphasia and anomia. Wernicke's aphasia is
characterized by the patient uttering fluent nonsense. Anomic
aphasics cannot match spoken or written words to their meaning
and viceversa. Patients with Broca's aphasia, in contrast, can
only speak in a staccato language without proper grammar and
often without inflection. But their language comprehension is
often fairly intact.

The counterpart to aphasia in terms of language understanding is
dyslexia, the inability to understand (Taylor 90, Garman 90).

• Alzheimer's Disease
The risk of being affected by Alzheimer's Disease rises with age.
People who suffer from this disease experience a progressive
deterioration in their cognitive abilities. Almost all Alzheimer's
patients sooner or later suffer from language impairment
(Cummings & al. 85).

• Dementia
As with Alzheimer's Disease, there is a statistical dependency
between dementia and increasing age. Mild forms of dementia
often start with the loss of memory, attention and learning. The
underlying cause is insufficient oxygen supply to the brain cells
due to obstructions of the blood flow in the brain's arterial
system (Singh & al. 98).

This  short,  and  by  no  means  complete,  overview  already  shows  how
diverse language impairments can be. Equally diverse are the precautions
that need to be taken in order to render text accessible to as many people
as possible.

There  are  also  a  number  of  non-pathological  reasons  for  people  to
encounter difficulty in reading. Some of these will sooner or later affect
every on of us.

• Stress and fatigue
Stress and fatigue, too, can have an adverse effect on reading
comprehension due to lack of concentration and attention (Singh
& al. 98).
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• Old age
Normally, language abilities remain intact to one's life's end. But
processing capacity in the elderly may slightly decrease with age.
This decrease is influenced by two main factors. (1) Cognitive
processes like accessing the mental lexicon are slower, and (2)
working memory is more constrained than in younger persons
(Kemper 87, Kempler/Zilinski 94).

• Poor readers and functional analphabets
People who, despite of formal education, have never properly
learned to read and write or who, due to lack of practice, have
lost these skills over the years.

• Second language users
Immigrants, foreigners and others to whom the language of the
text is not their mother tongue. Many of these people have to
cope with a limited command of that language.

Accessible language is thus an important prerequisite for large portions of
the population to access written information. Besides that, every reader
appreciates concise and simple language and benefits from it.

3.2   Linguistic Phenomena that Influence
Comprehension

Gibson  and  Pearlmutter  (Gibson/Pearlmutter  98)  sort  the  factors  that
constrain language comprehension into four categories:

1. Lexical, or word level, constraints, which depend on knowledge
associated with particular words in a language. Section 3.2.1
goes into more detail.

2. Contextual constraints, which involve the communicative utility
and the plausibility of different interpretations, given knowledge
about the state of the world. Thus, context and plausibility within
the current discourse plays a crucial role in understanding
language. See section 3.2.3.

3. Computational resource constraints, which depend on the
availability of and access to working memory resources. These
constraints mainly concern sentence understanding, of which we
give a sketch in section 3.2.2.

4. Phrase-level contingent frequency constraints, defined as the
probability of phrases occurring in particular phrase structures.
The Frequency of words or structures influences understanding
on all levels of language. Frequent words are easier and faster to
understand than infrequent words. Similarly, frequent structures
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are more predictable and thus easier to grasp than rare
structures. Statistical properties of language, besides contextual
plausibility, are believed to guide human understanding in face of
ambiguous words or structures.

3.2.1   Morphology and Lexicon – The Word Level

Within  Morphology  one  has  to  distinguish  derivational  from inflectional
morphology.  Inflection  does  not  cross  category  boundaries,  e.g.,  an
inflected  verb  remains  a  verb.  Inflection  results  in  a  semantically
predictable  outcome.  Derivation,  on  the  other  hand,  may  significantly
change the meaning compared to the derivational root and the meaning is
not always predictable. Inflection patterns are quite static in languages but
derivation can be productive and often yields new word creations. A fairly
recent  development  is,  for  instance,  the  derivation  of  the  noun
globalization from the adjective global.

There is an ongoing debate as to whether every form of all words are
“listed” in the mental lexicon or whether only word stems or base forms
are  listed.  In  this  case,  a  morphological  processor  is  responsible  for
retrieving and producing derived word forms (Schreuder & al. 90). Recent
studies tend towards a “dual mechanism” or “dual route” approach (Münte
& al. 99,  Sonnenstuhl/Huth 01), which holds that transparent inflection
and  derivation  are  mediated  from  base  forms  via  a  morphological
processor  but  irregular  word  forms  (irregular  verbs:  sing –  sang or
irregular plural forms in nouns: mouse – mice) are represented as lexical
entries of their own (Clahsen 04).

It can be argued that there is a dependency between the syntactic and the
morphological  processor  since  people  who  exhibit  a  loss  of  syntactic
capabilities, like e.g., Broca's aphasics, also display a breakdown of their
morphological processing (Taylor 90, p. 378).

As mentioned above, the relative frequency of words has a considerable
impact on language comprehension. High frequency words are easier and
faster to understand than words that occur only occasionally. Also, high
frequency vocabulary is the one that prevails longest in some forms of
language  disability,  e.g.,  in  Dementia,  Alzheimer's  Disease  or  Anomia.
Poor readers have less difficulty with frequent words.

In some forms of  aphasia, especially anomia, the affected individual  is
unable  to  access  the  mental  lexicon.  That  means,  (s)he  is  unable  to
associate a meaning with the graphical or phonological representation of a
word. In these cases, extralinguistic cues like pictures or icons can support
understanding.
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Many ambiguities in language stem from the word level. Words can be
ambiguous in two respects. A word can have more than one meaning or it
can  potentially  induce  more  than one structure  on  the  syntactic  level.
Many verbs create this kind of structural ambiguity:

Amanda believed the senator during the speech
Amanda believed the senator was lying to the committee.

(adapted from Gibson/Pearlmutter 98). In the first case the verb believed
is complemented by the direct object the senator, whereas in the second
sentence the complement is an embedded sentence. Readers or hearers
often  resort  to  the  most  frequent  meaning  or  structure  for  the  initial
interpretation of a word.

3.2.2   Syntax – The Sentence Level

There  are  numerous  investigations  into  sentence  processing  and
comprehension from a syntactic point of view and there are mainly three
phenomena  that  dominate  the  debate:  garden  path  sentences,  centre
embedding and constituent extractions.

So called garden path sentences contain a local ambiguity, cf.

The cotton clothing is made of grows in Mississippi.

(from Gibson 91, p. 5). Here, at the point where the reader encounters
the word  clothing, an ambiguity is introduced. Most readers opt for the
“most  obvious”  interpretation  possible  at  this  point,  i.e.,  for  cotton
clothing as a compound word and subject of the sentence. And (s)he can
be  happy  with  this  interpretation  up  to  the  point  where  (s)he  comes
across the word grows, which can not be integrated into the structure built
so  far.  At  this  point,  the  input  becomes  incompatible  with  one  of  the
possible readings, which resolves the ambiguity, hence local ambiguity.
(Compare the truly ambiguous sentence: The policeman saw the gangster
with his glasses on. Who is wearing the glasses?).

The incompatible input causes a complete re-analysis of the sentence but
not a processing breakdown. Once the proper reading has been identified,
readers have no difficulty processing the sentence. (In other words: You
can't  fool  people  twice  with  a  garden  path  sentence.)  Garden  path
sentences  have  their  place  in  psycholinguistics  because  they  help  us
understand how humans process sentences. But beyond psycholinguistic
research, garden path sentences can be quite irritating.

Centre embedding phenomena have been notorious in syntax research for
causing processing breakdown. A number of metrics that capture sentence

28 February 2005 Page 10 of 34



BenToWeb – FP6—004275 Deliverable D6.1 (Public)

or  processing complexity have been proposed over  the years  trying to
determine the limits for the human syntax processor. An interesting and
quite  intuitive  approach  stems  from  Kimball  who  postulates  the  Two
Sentence  Principle.  It  states:  The  constituents  of  no  more  than  two
sentences can be parsed at one time (Kimball 73, p.33). Such a principle
or metric might explain why a) is comprehensible while b) is not (from
Gibson 91, p. 57; where Gibson also discusses problematic aspects of this
and other metrics).

a) The man that the woman likes eats fish.
b) The man that the woman that won the race likes eats fish.

The following two sentences from Gibson/Pearlmutter 98 exemplify object
vs.  subject  extraction respectively  (ei  stands for  empty and marks  the
place  from  where  a  constituent  is  believed  to  be  extracted.  It  is  co-
indexed with the extracted element).

c) The reporteri whoi the senator attacked ei admitted the error.
d) The reporteri whoi ei attacked the senator admitted the error.

Sentence d) is easier to read and understand according to a variety of
measures, one of them being Gibson's locality constraint (Gibson 98). This
constraint explains the increased difficulty for sentence c) with the larger
distance between the relative pronoun and its gap (ei). Gibson/Pearlmutter
98 further point out that for some aphasic stroke patients a sentence like
d) is comprehensible whereas c) is not.

3.2.3   Discourse - The Text Level

Text coherence has a crucial impact on discourse understanding. Factors
of  text  coherence  are  the  theme-rheme  structure  of  a  sequence  of
sentences and the proper use of so-called coherence devices: sentence
connectors like  thus, furthermore, for that reason, etc.  (Halliday/Hassan
76).

The theme denotes what has already been established as topic of  the
discourse,  so  to  say  the  common  ground  on  which  the  discourse
participants  stand.  Rheme  is  the  new,  additional  information  that  the
recipient in the discourse has to integrate with what is already known. In
common  sentences  the  theme  is  mentioned  before  the  rheme.  Since
theme is something already mentioned, it is often referred to by means of
a pronoun. Theme and rheme are  sometimes referred to as topic and
focus respectively in the literature.

Similarly,  the  use  of  pronouns  creates  coherence  over  a  sequence  of
sentences. Pronouns and proper reference resolution is a central factor in
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discourse  comprehension.  It  is  easier  to  resolve  the  antecedent  of  a
pronoun if it is still  kept in working memory. Items that constitute the
discourse topic or are very close to it are more likely to be kept in memory
longer  than  marginal  entities  (Clifton/Ferreira  87).  The  nearer  the
antecedent to the anaphora, the easier it is to match the two. Daneman
and Carpenter (Daneman/Carpenter 80) showed that people with a large
memory  span  are  better  at  matching  an  anaphor  with  remote
antecedents.

World knowledge often plays an important role in anaphora resolution:
Pronouns are intuitively resolved in a way that makes most sense to the
hearer/reader (cf. the varying reference of he in the following sentences:
Bill sold John his car because he hated it. vs. Bill sold John his car because
he needed it. (Taylor 90, p. 58)).

Other  phenomena  in  which  world  knowledge  has  an  impact  on
comprehension are so called  bridging references (Matsui 00). Take, for
example, the following two sentences.

Peter bought a new car. The motor had to be repaired.

The fact, that the motor in question is the motor of Peter's new car can
only be inferred by the implied knowledge, that cars usually have a motor
(example  from  Helbig,  to  appear).  We  assume  that  non-transparent
implicit  assumptions  can  pose  an  obstacle  to  text  comprehension
especially for mentally handicapped persons.

A sensible paragraph structure supports understanding. Readers develop
"stories" or create a mental picture of what they read. Readers take longer
to process sentences that introduce a new topic or that contain important
information (Taylor  90,  p.  60).  Zwaan and Radvansky,  too,  stress  the
importance of, as they call it, situation models, i.e. mental representations
of  state  of  affairs,  for  language  comprehension  and  memory
(Zwaan/Radvansky 98).

3.3   Summary

The  present  section  has  given  an  account  of  various  disabilities  and
conditions  that  result  in  language  impairment.  Individuals  with  such  a
disability often have problems understanding written language. The great
variety of conditions that cause pathological language impairment results
in a diversity of special linguistic needs which may be different for every
individual. Thus, there is no universal recipe to compose text that can be
understood by every language disabled person.
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But we have seen that the group of people who have difficulties in reading
is much larger than those with a language disability in the narrower sense.
Therefore simple, understandable language is very important for a large
portion of  the population to make written information accessible.  Even
skilled readers appreciate simple language, because they benefit from it
by saving time. Accessible language is an asset for all.

The factors that influence language understanding work on every level of
the  human  language  processing  pipeline.  Although  a  vast  amount  of
research has been carried out to date, much work still needs to be done
before human language capacities can be fully understood. Despite of this
lack of knowledge, it is possible to isolate phenomena that affect language
comprehension. These allow us to infer a number of guidelines that help
create  more  readable  texts.  The  readability  of  texts  has  been a  long-
standing  issue  in  education  and  in  business  communication.  The  next
section will explain how readability has been addressed in these fields.
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4   Previous Work on Readability
There are two lines of previous work that have to be considered in this
context. Probably, there have been guidelines for writing ever since man
started to chisel cuneiform signs into clay tablets. We know for sure that
in ancient Greece training in grammar, the art of writing, and rhetoric, the
art of (public) speaking, was an indispensable part of the education for
every man of standing. We will not go to this depth but section 4.1 gives
an outline of work on readability to date.

Controlling  language  use  has  a  considerable  tradition  especially  in  the
fields  of  technical  documentation  and  machine  translation.  Section  4.2
gives  an  account  of  the  two  principle  approaches  to  simple,
understandable  language  and  sketches  two  systems  that  have  been
realized to automatically control language complexity.

4.1   Readability Measures and Guidelines

4.1.1   Readability Formulae

Originally, investigations into the readability of texts was motivated by the
need  for  adequate  reading  material  for  classroom  use.  Research  of
objective measures of readability started in the 1920's in North America.
Many argue that there have been no real advancements in this line of
research since Gray and Leary (Gray/Leary 35) brought the essentials of
readability to the point (cf. e.g. Lehrndorfer 96, p. 70 or Groeben 82).

The result  of  this  research is  a meanwhile large number  of  readability
formulae that numerically express readability on an equally large number
of  scales  and  metrics.  Virtually  all  formulae  incorporate  statistical
properties of the text. Common factors are the average sentence length
(number of words per sentence) and average size of words (e.g., number
of syllables per word). Some formulae use purely text-immanent features
whereas others exploit external factors like word-frequency lists. The aim
of many of these formulae is to correlate readability to expected reading
skills in school grades.

These statistical approaches to readability are for the most part based on
a  set  of  common  assumptions,  e.g.  that  long  words  (more  than  2
syllables, for instance) are harder to understand than short ones and that
long sentences are more complicated than shorter sentences.

28 February 2005 Page 14 of 34



BenToWeb – FP6—004275 Deliverable D6.1 (Public)

The  most  influential  readability  metric  for  English  is  probably  Rudolf
Flesch's  Reading  Ease  Score  (Flesch  48).  This  score  yields  a  number
between 0 (for very difficult) to 100 (for very easy) and uses only average
sentence  length  (ASL)  and  the  average  number  of  syllables  per  word
(ASW):

Score = 206.835 – (1.015 * ASL) – (84.6 * ASW)

Flesch's formula had a considerable impact on journalism and business
writing  in  the  US,  and  today  even  one  of  the  most  popular  word
processing software packages implements a derivate of this formula.

To date, the majority of research and literature on readability metrics is
focussed on (American)  English.  Adaptations  of  readability  formulae  to
other  languages  are  a  relatively  late  development  (see,  e.g.,
Dickes/Steiwer 77 for German). Often, these adaptations have turned out
not to be as straight forward as their English counterparts (Groeben 82).

Readability formulae have never been undisputed and, first of all, the very
researchers  who  developed  these  formulae  warned  about  their  limited
applicability (DuBay 04). The most problematic aspect is that language is
reduced  to  very  superficial  statistical  criteria,  which  can  hardly  claim
cognitive adequacy. Despite these severe limitations, readability formulae
have been put to good use over the years. One reason for their popularity
is certainly the fact that they are very easy to handle.

We plan to investigate how readability formulae can support accessibility
assessments.

4.1.2   Guidelines and Style Recommendations for
Readable Texts

In recent years, there has been a growing awareness on issues relating to
language and accessibility. This is, among others, reflected in a number of
Web resources from organizations that specifically address plain language
for cognitively disabled persons.1 These sites do not only emphasise the
need for plain language, they also often give hands-on advice for authors
and Web designers on how to create accessible documents in a language
that can be understood by many. 

1 Some examples can be found under the following URLs:
http://www.plainlanguagenetwork.org/
http://www.plainlanguage.gov/
http://home.comcast.net/~garbl/writing/plaineng.htm
http://www.mcu.org.uk/articles/makingsitesaccessible/design.html
http://www.mencap.com/index.htm
http://www.otal.umd.edu/UUPractice/cognition/

28 February 2005 Page 15 of 34



BenToWeb – FP6—004275 Deliverable D6.1 (Public)

The writing recommendations of sites like these stand in the tradition of
numerous  guides  to  style  and  composition.  Lehrndorfer  96 (p.  72  f.)
presents a cross section of these recommendations. She categorizes them
as  belonging  to  either  word  level,  sentence  level  or  text  level.  (The
presentation here is slightly shortened and adapted.)

4.1.2.1   Word level guidelines

• Simplicity

✗ prefer familiar, every day's words

✗ avoid foreign words

✗ don't use long compounds

✗ use hyphens sparingly

• Precision

✗ use concrete, unambiguous words

✗ make quantitative statements instead of qualitative ones

✗ do not make vague statements

• Conciseness

✗ use adjectives and adverbials only when necessary

✗ avoid filling words

✗ avoid wordiness

• Domain vocabulary and abbreviations

✗ avoid jargon and unnecessary technical terms

✗ if you have to use technical terms, explain them when they
first appear and list them in a glossary

✗ do not use synonyms

✗ avoid abbreviations

✗ explain all abbreviations

4.1.2.2   Sentence level guidelines

•  General sentence structure

✗ avoid convoluted, multiply nested sentences and attribute
clusters

✗ use positive phrases
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✗ make relations between sentence constituents clear by using
conjunctions, parallel structures, etc.

• Sentence length

✗ rule of thumb for sentence length: 15 to 20 words

✗ use sentences of varying length

✗ adopt appropriate sentence length according to the difficulty of
information

• Nominal style

✗ avoid nominal style

✗ avoid support verb constructions

✗ prefer verb-dominated style

• Active vs. passive voice

✗ write predominantly in the active voice, because active
sentences

➔ are usually more comprehensible

➔ contain more information

➔ point out responsibilities

✗ use passive sentences when the agent is unknown or
unimportant

✗ avoid negated passive sentences

4.1.2.3   Text level guidelines

• Structure of content according to

✗ the purpose of the text

✗ the importance of information

✗ the needs of the intended audience

• Structure of the text

✗ make paragraphs

✗ develop one thought per paragraph

✗ establish logical connections between the sentences of one
paragraph

✗ establish connections between the paragraphs of a text

✗ avoid long paragraphs, aim at a couple of paragraphs per page

• Redundancy
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✗ provide summaries, check lists, etc.

✗ give examples to illustrate abstract ideas

✗ provide comparisons

• Headings

✗ provide subheadings for paragraphs

✗ headings should reflect the content of the text in a nutshell

The  guidelines  above  have  their  equivalent  in  the  findings  of
psycholinguistic research, though writing guides are often rather based on
intuition,  practical  experience  and  common  sense  than  on  a  scientific
foundation.

4.2   Standardised Approaches to Ensuring
Readability

Big  international  companies  were  the  first  to  realize  the  need  for  a
standardised, controlled language. In the sixties, the Caterpillar Tractor
Company  first  introduced  a  controlled  English  (CFE  -  Caterpillar
Fundamental English) to save the costs for maintaining documentations in
more that 50 target languages. Instead they found out that local technical
staff  in  the  export  countries  could  acquire  sufficient  command  of  this
simple English in only 30 to 60 hours of tuition.

Meanwhile, many international companies have implemented some form
of  controlled  English  for  their  internal  communication  and/or
documentation. Among these companies are Rank Xerox, IBM, ITT, and
many more. There are also Controlled Languages (CL) in other languages.
Examples are ScaniaSwedish or Siemens-Dokumentations-Deutsch (SDD).

Machine translation techniques provide another incentive for controlled or
simplified languages. Currently, machine translation systems cannot cope
with the full complexity of natural language but yield acceptable results if
the input is restrained by certain criteria.

4.2.1   Principles

There is basically only one way to create readable text. And that is to
avoid linguistic phenomena that impede comprehension. From a technical
point of view, this can be done in two ways. One possibility is to list all
words  and  structures  that  are  permitted  and to  make  writers  produce
texts within these limits. We call this the prescriptive approach, since the
specification of such a controlled language prescribes how to write. The
other  way is  to list  everything that  is  forbidden (Bernth  96) and thus
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prevent writers from composing problematic sentences. We call this the
preventive  approach.  In  the  following  section,  we  will  present  a
representative example of either route.

4.2.2   Examples

Besides  Caterpillar's  CFE,  probably  the  most  prominent  example  in
controlled languages might be AECMA2 Simplified English (SE) which has
become an accepted standard for documentation in the aircraft industries
worldwide.

AECMA SE is based on the permissive approach. It was, like most of the
controlled languages, initially conceived as a set of rules and guidelines for
documentation writers and there was little technical support in form of a
compliance checker. This has changed considerably over the last decade.
Today, there are several software tools that support AECMA SE, among
them Boeing's BSEC (Boeing Simplified English Checker).  This tool  has
been in use at Boeing since 1990 (cf. Wojcik & al. 90).

AECMA SE consists of a controlled general vocabulary of about 950 words
plus 57 writing rules. The vocabulary was selected according to criteria
like simplicity and recognisability. The vocabulary is expressive enough to
describe technical information from the aerospace domain adequately. SE
follows the principle one word – one meaning. That is, words with multiple
meanings  in  natural  language  are  confined  to  one  meaning  by  the
specifications. Words that are not listed in the vocabulary are only allowed
if they are technical terms.

The 57 rules are divided into nine sections, like (1) Words, (2) nominal
phrases, (3) Verbs, (4) Sentences, etc. The rules prescribe how writers
have to use SE, e.g., rule 4.4 is: Use Connecting words to join consecutive
sentences that contain related thoughts. 

The  BSEC  is  based  on  a  grammatical  formalism  that  is  similar  to
Generalized Phrase Structure Grammar (GPSG). BSEC checks the input for
forbidden words and grammatical mistakes and makes suggestions similar
to those in the SE specification. BSEC does not offer automatic correction.

IBM corporation  support  their  document  writers  with  a  comprehensive
information development workbench. EasyEnglish is a part of this software
to ensure compliance with IBM's language standards. It pursues a middle
path between a controlled language compliance checker in the strict sense

2AECMA stands for Association Européenne des Constructeurs de Matériel Aérospatial. The
name of this organization has recently changed to ASD (AeroSpace and Defence Indus-
tries Association of Europe) and the brand of SE has been renamed to ASD-STE
(Simplified Technical English).
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and a general  purpose grammar and style checker.  EasyEnglish comes
with  a general  English  lexicon of  about 80,000 words  and has flexible
mechanisms to include additional word lists or lists of forbidden words.
With  its  full  parsing  capacity,  EasyEnglish  can  detect  a  wide  range  of
ambiguities  and  grammar  errors,  as  well  as  punctuation  mistakes.
Equipped with these capabilities, EasyEnglish allows maximum freedom for
writers  while  still  spotting  problematic  phrases  in  a  text  and  prevents
writers from writing non-compliant English (Bernth 96).

Formally, controlled languages are sub-languages of a natural language.
Restrictions on vocabulary and syntax limit the expressive power of CLs.
CLs are designed for a special purpose (e.g., technical documentation) and
are  used in a  limited domain only (e.g.,  car  manufacturing).  Thus the
demands for NLP applications that check for compliance with a particular
CL have to cope with limited linguistic complexity.

IBM's EasyEnglish system aims at a broader coverage and claims to be fit
for more general purposes than mere technical documentation.

4.3   Summary

This section has presented readability from three different perspectives:
as a measurable, statistical property of a text, as the object of style and
writing  guides,  and  as  a  necessity  in  business  and  technical
communication.

Readability formulae are an overly simplified measure of readability that
lack cognitive adequacy. Their usefulness in accessibility assessment has
yet to be determined.

Research and development has already produced a considerable amount
of  expertise  and  technical  know-how in  reducing  language  complexity.
Though we have to keep in mind, that most of  today's  CL compliance
checkers are special-purpose, limited-domain applications.
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5   Controllable Criteria
Based on the previous discussion, the following section 5.1 presents a list
of linguistic phenomena that authors or authoring tools ideally should be
aware of, when composing Web content. This set of criteria will be entirely
based on whether or not it is desirable to control these phenomena with
regard to readability.

Section  5.2, on the other hand, is devoted to the technical feasibility of
controlling these criteria. We briefly outline whether there are convenient
techniques  and  resources  available  for  controlling  the  criteria  fixed  in
section 5.1

5.1   A Set of Criteria

5.1.1   Morphology

• Morph1. Affixation.
Testing the transparency of prefixes or suffixes. Does the
affixation result in a lexicon entry of its own or in a word with
predictable meaning? Is the result a neologism?

• Morph2. Derivation.
In a similar vein, the transparency and complexity of derived
words should be tested. Especially, the results of “derivational
chains” may be rather complex and their meaning may not be
obvious.

• Morph3. Compounds.
In some languages, word composition is highly productive and
can result in long, complex words. Besides the fact that these
long words are often hard to read, the internal relation among
the individual members of the compound are not always clear or
can be ambiguous. (An example from German is Orangenschale,
which most of the times means orange peel. But it could just as
well mean orange bowl, parallel to Obstschale (fruit bowl), where
another reading of the second element Schale in the compound
is the preferred interpretation.)

• Morph4. Abbreviations and acronyms.
Abbreviations and acronyms must be explained when they first
occur and ideally also in a glossary. In HTML documents, the
abbreviation or acronym elements (<abbr> or <acronym>) must
be used.

28 February 2005 Page 21 of 34



BenToWeb – FP6—004275 Deliverable D6.1 (Public)

5.1.2   Lexicon

• Lex1. Word frequency.
Word frequency plays an important role in language
understanding. Familiar, frequent words should be preferred over
infrequent ones.

• Lex2. Lexical ambiguity.
Lexical ambiguity should be detected and, if possible, avoided. If
ambiguous words are unavoidable, the context should be such
that the ambiguity can be resolved easily. 

• Lex3. Relative frequency of word readings.
The relative frequency of different readings of an ambiguous
word, along with contextual information, influences the initial
interpretation in word comprehension. If the less frequent
reading of such a word is intended, the context should ideally
prepare the reader “in advance.”

• Lex4. Naming consistency.
Using different synonymous expressions for one and the same
thing in one piece of text for the sake of stylistic variation may
be confusing for some readers. This should be avoided as well.

• Lex5. Register and domain specific language.
Words (and expressions) that belong to unusual registers or to
specific domains should only be used with good reason and with
care.

• Lex6. Idioms.
Idioms are phrases where the intended meaning is different from
the literal meaning. Their use can obscure the intent of a text
and is inadequate. Especially second language user's knowledge
of idioms may be limited.

• Lex7. Support verb constructions.
Support verb constructions are phrases in which a verb of rather
general meaning (e.g., make, do, go) is combined with a noun or
an adjective to express a single concept, whereby the semantics
of that concept is the contribution of the noun or the adjective.
Example: to make a proposal vs. to propose.
Support verb constructions have a different status in different
languages. For English, there is a common agreement that plain
verbs should be preferred. In other languages this need not be
the case. Thus the universal applicability of the a criterion prefer
simple verbs to support verb constructions has yet to be
established.
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5.1.3   Syntax

• Syn1. Structural ambiguities.
There is a variety of structural ambiguities. Among them are
scopal ambiguities. These concern the scope of function words
as, for example in old men and women (Is it old men and old
women or old men and women in general?). Here the scope of
the conjunction is unclear due to the possibly elliptic structure.
Another form of structural ambiguity are so called attachment
ambiguities. Compare once more the example from page 10:
The policeman saw the gangster with his glasses on. In this
sentence, the ambiguity arises from the fact that the
prepositional phrase can be attached either the nominal phrase
the gangster or as an adverbial on the sentence level specifying
how the policeman saw the gangster.

• Syn2. Structural complexity.
Structural complexity can be regarded as a property of the
syntactic representation of a sentence, e.g., depth of nesting,
longest path in a tree diagram, number of nodes or attachments
etc. It is still an open question whether structural complexity is a
cognitively adequate measure for comprehensibility.

• Syn3. Processing complexity.
Processing complexity tries to model the resource demand that
the processing of a sentence poses on the human language
apparatus. A number of complexity measures of this kind have
been proposed (e.g., Kimball's Principle of Two Sentences
[Kimball 73] or Gibson's Syntactic Prediction Locality Theory
[Gibson 98]).

• Syn4. Sentence length.
Sentence length is a very superficial criterion. A rule of thumb
might suggest not to exceed 15 to 20 words per sentence. A
similar recommendation is part of every style guide and, as such,
has proven its worth in the past.

• Syn5. Word clusters.
Clusters of nouns, adjectives or adverbs increase the density of
information. Word clusters must not exceed certain limits.
AECMA Simplified English, for example, does not permit more
than three nouns in a row.

5.1.4   Semantics

• Sem1. Semantic complexity.
It might be measured as number of propositions per sentence or

28 February 2005 Page 23 of 34



BenToWeb – FP6—004275 Deliverable D6.1 (Public)

number of entities per sentence. Other means might be to utilize
the topography of semantic networks to determine the semantic
density of a text. Whatever the metric, semantic density or
complexity should be kept within certain limits.

• Sem2. Referential ambiguity.
It should always be possible to uniquely match a pronoun with its
referent.

• Sem3. Reference distance.
The distance between pronoun and referent must not exceed
certain limits. The actual limit may depend on the prominence of
the referent in the discourse.

5.1.5   Discourse

• Dis1. Discourse coherence.
A text should present a coherent discourse and develop the
matter systematically and logically.

• Dis2. Consistent theme-rheme structure.
A consistent theme-rheme structure is indispensable for a
coherent discourse.

• Dis3. Bridging references.
Many texts require the reader to infer information from their
world knowledge (see section 3.2.3, page 12). The demand for
implicitly assumed knowledge and the ability to infer it must be
appropriate for the intended audience.

5.2   Automatically Controllable Criteria

In this section, we comment on the feasibility of controlling the criteria
presented above.  We will  do  so  in  the  same order  as  in  the previous
section.

5.2.1   Morphology

• Ad Morph1 and Morph2: Affixation and Derivation.
While existing techniques make a detailed morphological analysis
feasible, it is not easy to predict whether the use of affixes is
done in a semantically transparent way. This problem can be
bypassed when the lexicon lists the result of the affixation or
derivation. This is possible for a considerable but still limited
number of words only and will not cover creative use of affixes
(neologisms) or simply out-of-vocabulary items.

28 February 2005 Page 24 of 34



BenToWeb – FP6—004275 Deliverable D6.1 (Public)

Resources needed: lexicon, tokenizer, morphological and lexical
analyser

• Ad Morph3: Compounds.
Compounds are an intrinsically hard problem. Again, the
morphological analysis of compounds into their elements can be
done automatically, thus their internal complexity can be
determined. But disambiguating compounds and determining the
semantic relations among its constituents needs further work.

Resources needed: lexicon, tokenizer, compound analysis.

• Ad Morph4: Abbreviations and acronyms.
Some abbreviations and acronyms can be detected due to their
peculiar orthography: all upper case letters or a mix of upper and
lower case letters like in BenToWeb. But in general, large scale
reliable control of abbreviations and acronyms requires
comprehensive, often domain specific lists.

5.2.2   Lexicon

• Ad Lex1: Word frequency.
Word frequencies can be incorporated in accessibility assessment
with the help of frequency lists. There are frequency dictionaries,
but these tend to become obsolete quickly. Probably, such lists
have to be inferred from corpora. Questions still to be answered
concern the corpora on which to base the counts and how
representative they are. The broader the envisaged coverage,
the more challenging it is to base such frequency counts on a
representative corpus.

Resources needed: Corpora, frequency lists.

• Ad Lex2: Lexical ambiguity.
Lexical ambiguities can be detected, if the lexicon or the morpho-
syntactic analysis yields more than one result. Word sense
disambiguation is an ongoing research issue. Both, statistical and
symbolic (i.e., grammar based) approaches have yielded
promising results but a lot of effort is still needed in this field.

Resources needed: Lexicon and parser for the symbolic
approach, annotated corpora and statistical language models for
the statistical approach.

• Ad Lex3: Relative frequency of word readings.
To our knowledge there are no comprehensive frequency counts
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covering ambiguous words and the frequencies of their different
readings.

• Ad Lex4: Naming consistency.
Inconsistent naming can only be detected on the basis of a
semantic analysis. This requires a deep lexicon (a lexicon that
provides comprehensive syntactic and semantic information for
the words). This lexicon must also encode the relations of
synonymy, hyponymy, hyperonymy and others.

Resources needed: Wide coverage deep lexicon, a parser that
yields a semantic representation.

• Ad Lex5, Lex6 and Lex7: Register, domain specific language,
idioms and support verb constructions.
These phenomena can be detected if relevant lexical information
is available.

Resources needed: Lexicon that contains information on idioms,
register, domains and support verb constructions.

5.2.3   Syntax

• Ad Syn1: Structural ambiguities.
Detecting structural ambiguities is not so much a problem for
state-of-the-art NLP systems. It is rather the case that parsers
usually discover ambiguities in sentences that humans find by no
means suspicious. The challenge is to distinguish these “machine
ambiguities” from truly ambiguous phrases, that might mislead
the human reader. There is ongoing research in this matter
under the keyword parse selection. Recent approaches combine
symbolic parsing with statistical methods (so called statistically
guided parsing).

Resources needed: statistical language model, lexicon, parser,
parse selection mechanism.

• Ad Syn2: Structural Complexity.
Measurements of structural complexity can be derived from
structural representations of sentences.

Resources needed: Parser.

• Ad Syn3: Processing complexity.
Measures of processing complexity have to be derived from
structural representations.
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Resources needed: Parser, cognitive processing model.

• Ad Syn4: Sentence length.
Counting the words in a sentence is rather trivial, once the
beginning and the end of the sentence have been determined.

Resources needed: Sentence tokenizer.

• Ad Syn5: Word clusters.
There are several ways to detect word clusters. A morpho-
syntactic analysis or a part-of-speech tagger can already reveal
clusters. A more detailed and reliable analysis requires a parser.

Resources needed: part-of-speech tagger, parser.

5.2.4   Semantics

• Ad Sem1: Semantic complexity.
Measures of semantic complexity require a semantic analysis of
the language input.

Resources needed: Semantic representation.

• Ad Sem2: Referential ambiguity.
NLP systems are able to detect if there is more than one
candidate referent for a pronoun. Thus it is possible to point out
potential referential ambiguity. Co-reference resolution is a
matter of ongoing research.

Resources needed: Co-reference resolution module.

• Ad Sem3: Reference distance.
This problem is closely related to co-reference resolution.
Determining reference distance requires to find the actual, and
not just a potential, referent.

Resources needed: Co-reference resolution module.

5.2.5   Discourse

• Ad Dis1 and Dis2: Discourse coherence and consistent theme-
rheme structure.
Automatic control of these criteria requires a deep semantic
analysis of a sequence of sentences, especially the detection of
relations that hold between different situations (so called inter-
situational relations). While low-level relations (causality,
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conditions, temporal succession) of this kind can be isolated, the
transition to higher-level relations like motivation, elaboration
and others is a big challenge. Rhetorical Structure Theory (RST)
(Mann/Thomson 88) provides a framework in which these
phenomena can be expressed. To our knowledge, there are no
robust, wide coverage systems that implement RST.

• Ad Dis3: Bridging references.
There are techniques in semantic analysis to detect bridging
references. The challenge here is again, that it can be done on
the basis of a deep semantic analysis of larger text portions only.
These techniques are in the focus of ongoing research.

5.3   Summary

From the discussion in section  5.2 we can conclude that present natural
language processing (NLP) techniques allow us to control a fair amount of
those criteria that we established as relevant for accessibility assessment
in section 5.1.

But a few critical remarks are in order here. Recent years have brought
about  astonishing  advancements  in  NLP  research  and  technology.  But
even though, such a simple thing as determining where a sentence starts
and ends in a text is still a tricky task. Even the best NLP systems show
error rates that one has to take into account and to make matters worse:
errors propagate in the NLP pipeline from lower levels of processing to
higher levels.

In summary, one can say that linguistic phenomena up to the sentence
level can be automatically controlled within certain limits. These limits will
be  set  by  error  rates,  coverage  and  robustness.  A  number  of  open
research issues will continue to exist in this field.

At  present,  our  abilities  to  incorporate  semantic  and  discourse  level
criteria into accessibility assessment are limited and it must be the goal of
future research to extend these limits continually.
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6   NLP Technology at IICS at the
FernUniversität in Hagen

In this section, we give an overview of relevant NLP technology developed
at the Intelligent Information and Communication Systems (IICS) centre
at the FernUniversität in Hagen. We describe how we plan to employ and
extend the available software to the end of accessibility assessment for
Web documents.

The  core  of  our  NLP technology  is  WOCADI parser  (Word Class-based
Disambiguating  parser,  Hartrumpf  03)  and  a  semantic-based  lexicon
HaGenLex, which, at the time of writing, comprises some 23,000 entries
in German. This is, to our knowledge, the most comprehensive computer
lexicon with deep semantic information for the German language. Besides
this core lexicon, there is an even more comprehensive flat lexicon and
there  is  the  possibility  to  employ  very  large  lists  of  proper  names  or
abbreviations.

The  parser  implements  the  Word  Class  Function  Analysis  (WCFA,
Helbig/Hartrumpf 97) and yields a detailed semantic representation of a
German  sentence  in  the  form  of  an  extended,  multi-layered  semantic
network  (MultiNet,  Helbig,  to  appear,  and  Helbig  01),  if  a  full  parse
succeeds.

WOCADI performs a morphological and morpho-lexical and a syntactico-
semantic analysis of the input. It implements strategies for co-reference
resolution  and  disambiguation  at  several  levels.  Figure  1  on  page  30
illustrates the working of the system.

Within the framework of the BenToWeb project we will extend and modify
individual  processing  modules  of  the  parser  architecture  such  that  the
parser  yields  the  relevant  accessibility  metrics.  These  modifications
concern  basically  all  levels  of  the  processing  pipeline:  lexicon,
morphological, syntactic and semantic analysis.
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Figure 1 Architecture of WOCADI: The Word Class-based Disambiguating Parser
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7   Conclusions
This  report  has  given  an  outline  of  our  work  on  the  feasibility  of
automatically  controlling  linguistic  phenomena  that  influence  language
comprehension. We started with a determination of the target group. We
found that not only language disabled persons in a narrower sense benefit
from simple writing but also people with poor reading skills or a limited
command  of  the  language.  Simple  language  may  be  the  linguistic
prerequisite for a large portion of our society to access written information
on the web.

We  have  presented  a  number  of  psycholinguistic  phenomena  that
influence comprehension on all levels of the processing pipeline in human
language understanding and found that recommendations and style guides
often correctly address relevant points, though these may be rather based
on intuition and common sense than on a scientific foundation.

We have also seen, that the results from readability research as it has
culminated in numerous readability formulae is of limited applicability to
our ends.

On the other hand, there is  a rich experience in technical  writing with
controlled  or  simplified  languages,  for  which  automatic  compliance
checkers  exist.  Controlled  languages  are  per  definitionem subsets  of
natural languages and are applied in limited domains. It remains to be
seen  whether  the  techniques  that  work  for  a  limited,  domain  specific
language are also applicable to wide coverage natural language processing
systems.

There are several phenomena on all linguistic levels that have an impact
on the accessibility of a text. The majority of these can be checked with
NLP technology. Future work must be dedicated to covering the rest.
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